The paper investigates both the impact of domestic and import competition on performance of manufacturing industries in the Czech Republic in 1998 -2002. Using panel data we found a strong increasing non-linear (diminishing) relationship between performance of manufacturing industries and domestic competition measured by the Herfindahl-Hirschman Index. Import competition measured by an import penetration ratio is negatively related to performance of Czech industries, while foreign direct investments are positively correlated with performance.
Introduction
For the last 15 years Czech enterprises have been facing significant changes in the economy, i.e. in the governance and competitive environments. The transition of formerly centrally planned economies goes hand in hand with changes in industrial structure. On the one hand transition it is a historically unique situation which has brought about a special set of changes. On the other hand, the intensity of these changes provides a laboratory for general trends, which would not be easily seen in ordinary circumstances and which are therefore interesting to explore. One of the main characteristics of the centrally planned economy in the Czech Republic as well as in all other ex-communists countries was a high concentration in industries especially in manufacturing. Before 1989, the supply of most products and services had been controlled by one or a few state enterprises and most industries were isolated from the world markets. Between 1989 and 1993, the number of enterprises incre-ased significantly in all industries due to both spontaneous break-ups of large enterprises as well as due to numerous new starts-ups. Therefore, deconcentration occurred despite the fact that between 1989 and 1993 manufacturing output declined by 38 per cent in real terms. At the same time due to the liberalization of foreign trade, import penetration in total manufacturing increased to 36 per cent as by 1993 (see Zemplinerová, Stibal, 1995) .
The economy started to grow in 1994: The growth, however, has been highly uneven across industries. As a consequence the structure of manufacturing started to change during the period 1993 -1997 (see Havlik, 2000) . Moreover, import penetration continued to increase reaching 60 per cent in 1997 (see Zemplinerová, 2000) . In addition foreign direct investment (FDI ) inflows increased considerably over this period of time and the share of enterprises in foreign ownership in total manufacturing output reached 23 per cent by 1997. The period 1998 -2002 is the period of second transformation recession and subsequent recovery. During this period major banks have been privatized, numerous mergers occurred as new entries via green field investment. In addition, the bankruptcy was much more frequent and allowed for numerous exits from the declining markets (see Lízal, 2001 ). This paper attempts to measure both the levels of market concentrations and import competition and to relate the intensity of competition to the performance of these markets during 1998 -2002. There are numerous empirical investigations of the influence of competition on industry's and firm's performance, however, the results are ambiguous. In many studies of developed countries a positive correlation between the degree of market competition and the growth rate of different measures of performance has been recorded. For example, Nickell (1996) analyzes the impact of competition on both the level and the growth of total factor productivity (TFP ) in the UK. He found that competition measured by increased numbers of competitors or by lower levels of rents, was associated with a significantly higher rate of total factor productivity growth. Geroski (1990) used panel data to show that concentration reduces the innovation rate and the productivity growth. Vining and Boardman (1992) found that market competition had a positive influence on performance for Canadian companies.
There exist studies that have investigated the relationship between the performance and concentration intensity measured by the Herfindahl-Hirschman Index 1) (HHI ) in transition countries.
2)
For example, Halpern and Korosi (2000) found a positive relationship between concentration and performance in Hungary; Brown and Earle (2000) reported a positive relationship between the HHI and TFP for Russia. Angelucci et al. (2001) found that domestic competitive pressure was associated with better firm performance in Poland, while increased import competition was associated with lower total factor productivity in Romania and Bulgaria. However, most of the studies focused on the enterprise level data. One of the advantages of enterprise level data is that it can capture such performance related effects as ownership structure. For example, Hanousek et al. (2004) found that concentrated foreign, but not domestic, ownership improves performance relative to state ownership in the Czech Republic. 1) Herfindahl-Hirschner Index is one of the most used measurements of market concentration and is calculated as the sum of squared market shares of firms in the market,
. The alternative competition measures are the market share of the top four firms in a market (CR4) or the number of firms in a market (1/n).
2) For a survey of the influence of different measures of competition on performance of enterprises and industries in transition countries see Djakov and Murrell (2002). A small number of studies have focused on performance at the industry level rather than at enterprise level. Haskel (1991) used a panel of 81 UK industries over the period 1980 -1986. He found a positive, although weakly significant, relationship between the degree of market concentration and productivity growth. Chirmiciu (2003) used industry level data from Hungary over the period 1992 -1998. He found a non-linear inverse-U relationship between the HHI and the level of total factor productivity, i.e. the middle level of market concentration is related with the highest total factor productivity levels. There exist a study carried out on the enterprise level for the Czech manufacturing that found negative correlation between import competition and enterprises' performance (see Sabrianová et al. 2004) . They also report that foreign-owned firms are increasingly displacing domestic firms, due to slower "learning" by domestic firms, higher efficiency of foreign start-ups, and foreigners' acquisitions of more efficient domestic firms in the Czech Republic and Russia.
In our paper we use the industry-level 3-digit NACE data to estimate the relationship between market concentration and the performance of Czech industries in manufacturing. At the same time we assess the relation between import penetration and performance of Czech manufacturing industries. For this purpose we matched import data from the trade statistics on 3-digit level to the industrial enterprises data. The data set consists of a panel of 102 industries over the period of 1998 -2002 and, therefore, we can control for unobserved heterogeneity across industries. The structure of the paper is as follows. First, we derive the basic model to be estimated. Then we describe the data more in detail, and proceed with the discussion of the obtained results before concluding the article.
Methodology
The methodology used to analyze the relationship between competition and performance using industrial level data is largely based on Haskel (1991) and Chirmiciu (2003) . The standard Cobb-Douglas production function of a firm is given as:
where K i and L i denote the capital and labour employed by a firm i, respectively, and A i is a total factor productivity, which captures the labour and capital efficiencies (or inefficiencies such as excessive labour and obsolete assets) and other unobserved factors of production. The total amount of capital in the industry is 
Then, the output of an industry can be represented in the following way:
We can assume that elasticities of output with respect to input factors do not differ a lot across firms in the same industry. In this case, the terms ì K aa and ì L bb are negligible and can be dropped from the analysis. If we can control for the size of an industry (total capital and labour employed by an industry), then the perfor-mance of an industry is determined by the industry wide total factor productivity (the summation term in Formula 3). In its own turn, the industry wide total factor productivity is determined by the shares of the firms in production inputs and differences in TFP across firms. Therefore, we can approximate industry wide TFP with competition within industries (market concentration, competition from abroad, and foreign ownership). Our choice of the dependent variable is the annual industry-wide level of sales.
3)
This choice is consistent with the fact that the HHI is calculated based on the volume of sales of enterprises.
4)
In the paper we would like to assess the relationship between competition and the performance of industries, and look at the effects of different types of competition on the performance of Czech manufacturing industries.
Using a standard transformation procedure the Cobb-Douglas production function can be written in logarithmic form as follows:
To control for industry size we include capital as measured by the industry-wide volume of current assets, and labour as measured by the number of employees in an industry. In order to control for functional form of the production function we can use a translog approximation of the unknown production function. It approximates a wide variety of functional forms without imposing many restrictions. The inclusion of this term imposes the constant elasticity on the production function but allows all three types of returns to scale. At the end it adds a new term,
than domestic ones and, consequently, industries with a high share of foreign ownership do better than domestically controlled industries (see Zemplinerová, 1998) . Therefore we expect to find support for a widely hold view that the level of foreign direct investment positively affects industry performance.
In order to capture potentially significant unobservable industry specific effects we include the industry dummy a i which controls for unobservable reasons of differences in TFP among industries. At the same time to control for the economy wide shocks, and the movement towards the production frontier by the whole economy during the period of time of interest, we introduce a time trend variable. While the trend variable picks up the effect of growth in all industries during time, we also include an interaction term between the HHI and trend to test whether more concentrated industries grow faster with time (more concentrated industries picking up more the time effect).
Hence, the full model that we would like to estimate is:
Data
We use two basic data sets: industrial enterprise data and foreign trade data. Industrial enterprise data are based on regular statistical reports and financial statements of enterprises and we obtained them from the Czech Statistical Office. Enterprises with 20 and more employees for legal unit and both incorporated and unincorporated natural persons are included into the database. Trade data were obtained from the Ministry of Industry and Trade and were aggregated on 3 digit level. The data have been gathered on the micro-level on the basis of the custom statistics which were collected by the Directorate General of Customs. We use data for 102 manufacturing industries (3-digit NACE codes from 151 till 372) in the Czech Republic during the period of 1998 -2002. The analysis of the 3-digit NACE aggregated industry data allows us to avoid a problem of unbalanced panel data that often is present when we work with an enterprise level data. Especially it poses a serious problem in transition economies during restructuring from the centrally planned toward market economy. This transition period is characterized by a large number of green field investment and spin-off firms that are entering the market and firms exiting from the market through bankruptcy.
We calculated the HHI based on the volume of sales of enterprises which belong to a 3-digit NACE industry taken from the Czech Statistical Office dataset. There are several caveats related to the data: According to the Czech Statistical Office a firm belongs to a 3-digit industry if the largest share of its revenue comes from the sale of products classified within that industry. The shortcoming of this methodology is that firms can switch industries over time, because the relative shares of different products in total revenue may change due to market condition, new strategies, and other factors. Further problem is related to the linking of trade and industrial statistics. For computation of import penetration we subtracted direct exports taken from the industrial statistics and added imports taken from the trade statistics into the domestic supply. The import penetration ratio is the share of import in domestic sales [import penetration = imports/(domestic production -exports + imports)]. Such method omits exported goods via wholesale, however, it works better than trade exports that lead to negative values of many industries on 3-digit NACE level.
Foreign direct investment is captured through foreign ownership of enterprises. As explained above our analysis draws on corporate financial statements submitted to the Czech Statistical Office (CSO), covering the total population of manufacturing enterprises with more than 20 employees. To begin with, we aggregated monthly or quarterly data of individual enterprises to get annual observations, and performed controls for data consistency. Then the enterprises, which can be identified by type of ownership, 6) were broken down into two groups: foreign-owned enterprises and domestically owned enterprises. Then the FDI penetration ratio was calculated as the share of foreign owned enterprises in the i-th industry total sales.
Labour is measured by the number of employees in an industry and capital is measured by the industry-wide volume of current assets. Current assets consist of the sum of receivables and inventories owned by firms in an industry. Given the lack of industry-wide total assets in our dataset we think that it is the best way to represent the size of the industry in terms of capital. These data were obtained from the Czech Statistical Office. We made every effort to ensure data comparability regarding methodology changes made in statistical recording during the review period and at the same time to provide for a broad coverage of data. While the data presented in the article and used for the analysis result from careful adaptation of the CSO data they are not fully comparable with the officially published figures as they reflect own computations. In Table 1 and 2 there is a short description of the data. Table 1 provides some summary statistics for the variables used in the analysis. Table 2 shows the pairwise correlations between the variables used in our analysis.
6)The CSO distinguishes the following types of ownership: private, cooperative, state, foreign (100 per cent), international (any 1 -99 per cent of foreign ownership), mixed (state and private), others (communal, political organizations and associations or not-identified). For the purpose of this analysis the two groups of foreign firms (fully and partially owned) were merged into one group and the rest into a second group of domestic enterprise. 
Results
The initial analysis of the data indicates that the median HHI in Czech manufacturing is decreasing over the time from 1,368 in 1998 to 979 in 2002. The average value of the HHI also decreased from 2,303 to 1,957 over the same period, which is a significant drop in industry concentration over the 5-year period (see Figure 1) . During the same period of time import and FDI penetrations in the Czech manufacturing increased significantly. Median import penetration increased in the Czech manufacturing from 69.8 per cent as by 1998 to 78.8 per cent in 2002 (Figure 2) , and median FDI penetration ratio increased from 16.7 per cent to 51.1 per cent over the period (Figure 3) . These facts indicate an increase in both, external and internal, competition pressures on Czech manufacturers during the analyzed period of time.
Having a panel of 102 industries over the 5 years period, we expect that the fixed effect model is a better framework to work in. To check this we run the Hausman test to determine whether the fixed or random effect model is appropriate in our case.
7)
Inclusion of fixed effects would help us to incorporate and control for 7) Hausman test is a specification test which checks a more efficient model against a less efficient but consistent model to make sure that the more efficient model also gives consistent results (see Hausman, 1978) . In other words, the test compares two estimators that are consistent under the null hypothesis. Pooled regression is more efficient than fixed effects regression under the null; while under the alternative, only fixed effects regression is consistent. 8)
It appears that for all specifications of the model the Hausman test rejects random effect model in favour of fixed effect model, therefore we report only results for the OLS and fixed effect models. 9) 8) For the importance of fixed effects in panel data analysis see Ashenfelter (1978) , Ben-Porath (1973) , Hsiao (1985) , Hoch (1962) , Griliches and Hausman (1986) . 9) However, we would like to mention that for all regressions that we present in the paper, coefficients of the random effect model are also significant and have the expected signs. Figure 1 Median and Average Herfindahl-Hirschman Index in the Czech Manufacturing (1998 -2002) Source: Data CSO, own computations.
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Figure 2
Median and Average Import Penetration Ratio in the Czech Manufacturing (1998 -2002) Source: Data CSO, own computations. Figure 3 Median and Average FDI Penetration Ratio in the Czech Manufacturing (1998 Manufacturing ( -2002 The results of estimations are presented in Table 3 . We find a significant relationship between competition and performance, and the coefficients of interest stay significant, preserve the same signs and do not differ much under different specifications of the model. Under all specifications of the model the coefficient in front of the HHI is significant as well as the coefficient in front of the squared HHI. The coefficient in front of the HHI is positive, but negative in front of the squared term.
10)
The data show that there is an increasing but diminishing return of the industry-wide performance on the level of concentration in the Czech manufacturing sector, i.e. the more concentrated industry, the higher the level of performance. However, we cannot claim the causality between competition and performance, but we can only claim that there is a significant relationship between the level of concentration and performance of industries in the Czech Republic during the 5 years period.
The trend variable picks up the effect of growth in all industries through the time. In our analysis the trend variable is positive and significant across all specifications. It could be explained by the movement of the Czech manufacturing, and the economy in general, toward the production and technological frontier. In one of the specifications of the model (see Table 3 , column 8) we include an interaction term between trend and the HHI. The coefficient in front is positive and significant at 10% significance, which indicates that the more concentrated the industry, the higher the total factor productivity (i.e. more concentrated industries are growing faster with time).
The coefficient in front of the import penetration is negative and highly significant under all specifications. That might underline the fact that Czech companies which operate in manufacturing industries are not catching up with their foreign rivals, and the gap is widening. This contradicts the idea (and hope) at the beginning of the transition period that the presence of and competition with foreign companies would make Czech companies more efficient through the technology and skills spillovers.
We could argue that there is a certain number of industries that are not attractive for foreign investors to acquire and to move the production to the Czech Republic and it could be explained by various reasons. Certain markets in the Czech Republic are not big enough to have production facilities in the country and it is much more profitable to keep the production in other countries, say in Germany, and export goods to the Czech Republic so such industries could be described by a high import penetration rate. Another reason could be that the Czech Republic might not possess comparative advantages in some industries and the production facilities are located in neighbouring transition countries as Poland, Slovakia, or Hungary. In this case again the products of these industries will be imported to the Czech Republic.
As it was expected and well documented in the literature on transition economies the industries with high share of foreign direct investment are performing significantly better than domestic ones. The coefficient in front of FDI is positive and significant under all specifications of the model. This could be explained by the inside-the-multinational-firms transfer of the up-to-date technology, better access to financial resources and the application of the best managerial practices.
However, we could be suspicious of the quadratic term in our model. The quadratic term is sensitive to extreme observations and the significance of the coefficient in front of quadratic term could be accidental and spurious. Thus we will conduct a robustness check of our non-linearity hypothesis by creating dummies for different level of the HHI and then run regressions with interaction terms between 10) Later in the section we will conduct a robustness test of the non-linearity of the relationship. 11) U.S. Department of Justice Horizontal Merger Guidelines:http://www.usdoj.gov/atr/public/guidelines/ hmg.htm. Robust standard errors in brackets * significant at 10 %, ** significant at 5 %, *** significant at 1 % Source: Data CSO, own computations. dummies and HHI. It will allow us to estimate the difference in slopes for industries with different concentration levels (for example, with high and low levels of concentration) and to check whether the slope of the line becomes flatter as concentration increases. We can split the sample in many ways but all of them are arbitrary. Here in the paper we present two possible segmentations of industries according to the concentration level. The first segmentation follows the U.S. Department of Justice. According to the Horizontal Merger Guidelines, 11) the spectrum of market concentration as measured by the HHI is divided into three regions that can be broadly characterized as non-concentrated (HHI below 1,000), moderately concentrated (HHI between 1,000 and 1,800), and highly concentrated (HHI above 1,800). In the second case we split industries into two segments: non-concentrated (HHI is below 1,000) and concentrated (HHI is above 1,000). We test for significance of the total difference between industries with different level of concentration (none, medium, and high in the first case and concentrated and not concentrated in the second case). We predict that if the non-linear model is valid then the coefficient in front of the interaction term of the non-concentrated industries (HHI is below 1,000) will be positive and greater than the coefficient(s) in front of the term for the concentrated industries (medium and highly concentrated industries).
In Table 4 and 5 we can see the results of the estimations and the support for the non-linear model. The coefficients in front of the interaction terms are significant and there is a change in slope for different levels of concentration. In the case of three different levels of concentration, the value of the coefficient for the non-concentrated industries is 1.6039, but then it decreases for medium and highly concentrated industries (0.877 and 1.1048, respectively). This decrease shows the increasingly diminishing return of performance to the level of concentration. The same evidence of the non-linearity can be observed in the case of two-segment concen- Table 5 Regression with Dummies for Low and High Concentrated Industries tration with the value of the coefficient 1.8962 for the non-concentrated industries and the decrease in the coefficient value to 1.1405 for the concentrated industries with HHI above 1,000. Therefore, both checks support the idea of the increasing nonlinear diminishing relationship between the level of concentration and the performance of Czech manufacturing industries.
Conclusion
Czech manufacturing industries with high concentration performed better than industries with fragmented market structures during 1998 -2002. It could be explained by the effect that Czech economy is a small economy. In many markets firms must reach competitive scales of production, advertising and R&D in order to be competitive, which requires increasing market concentration. As long as there exist potential competition and no major barriers to entry firms in concentrated markets can be efficient. Schumpeterian theory of creative destruction claims that monopoly profit extracted from the dominant position creates enough financial resources and incentives to innovate, which in turn leads to more efficient production and better performance.
Our analysis finds that industries with high import penetration are declining. It shows that Czech firms did not withstand import competition because numerous Czech markets are too small to have efficient domestic production facilities. At the same time our analysis confirmed that industries with high share of foreign direct investment are the growing industries. However, we cannot claim the causality between competition and performance, but we can only claim that there is a significant relationship between level of concentration and performance of industries as well as between foreign involvement in the Czech economy and performance of industries during the 5 years period.
